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Planning performance in schizophrenia patients: a
meta-analysis of the inﬂuence of task difﬁculty and
clinical and sociodemographic variables
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Background. Despite a large body of research on planning performance in adult schizophrenia patients, results of indi-
vidual studies are equivocal, suggesting either no, moderate or severe planning deﬁcits. This meta-analysis therefore
aimed to quantify planning deﬁcits in schizophrenia and to examine potential sources of the heterogeneity seen in
the literature.
Method. The meta-analysis comprised outcomes of planning accuracy of 1377 schizophrenia patients and 1477 healthy
controls from 31 different studies which assessed planning performance using tower tasks such as the Tower of London,
the Tower of Hanoi and the Stockings of Cambridge. A meta-regression analysis was applied to assess the inﬂuence of
potential moderator variables (i.e. sociodemographic and clinical variables as well as task difﬁculty).
Results. The ﬁndings indeed demonstrated a planning deﬁcit in schizophrenia patients (mean effect size: μˆ = 0.67; 95%
conﬁdence interval 0.56–0.78) that was moderated by task difﬁculty in terms of the minimum number of moves required
for a solution. The results did not reveal any signiﬁcant relationship between the extent of planning deﬁcits and socio-
demographic or clinical variables.
Conclusions. The current results provide ﬁrst meta-analytic evidence for the commonly assumed impairments of plan-
ning performance in schizophrenia. Deﬁcits are more likely to become manifest in problem items with higher demands
on planning ahead, which may at least partly explain the heterogeneity of previous ﬁndings. As only a small fraction of
studies reported coherent information on sample characteristics, future meta-analyses would beneﬁt from more system-
atic reports on those variables.
Received 8 August 2016; Revised 27 January 2017; Accepted 31 January 2017; First published online 7 April 2017
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Introduction
Cognitive impairment is a widely recognized ﬁnding
in schizophrenia and has been established for
chronic (Heinrichs & Zakzanis, 1998), ﬁrst-episode
(Mesholam-Gately et al. 2009) and drug-naïve patients
(Fatouros-Bergman et al. 2014). Compared with healthy
controls, the largest differences are reported for verbal
episodic memory and processing speed (Dickinson
et al. 2007; Mesholam-Gately et al. 2009; Palmer et al.
2009; Schaefer et al. 2013), but deﬁcits also extend to
other domains such as attention, perception, language
and visuo-spatial abilities (e.g. Heinrichs & Zakzanis,
1998; Fioravanti et al. 2005, 2012; Palmer et al. 2009).
Beyond these cognitive domains, deﬁcits in execu-
tive functions and their association with clinical symp-
toms of schizophrenia have generated particular
interest (e.g. Donohoe & Robertson, 2003). Executive
functions constitute an umbrella term subsuming top-
down cognitive processes related to the conscious con-
trol of behaviour (e.g. Lezak et al. 2004; Alvarez &
Emory, 2006; Jurado & Rosselli, 2007). Although a uni-
form deﬁnition of executive functions still does not
exist, there is broad consensus that working memory,
inhibition and set shifting represent basic executive
processes which contribute to high-order executive
functions such as reasoning and problem solving
(Miyake et al. 2000; Diamond, 2013). The ability to
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plan ahead future behaviour constitutes a prototypical
example of high-level executive functioning, as it
reﬂects the conscious selection of actions based on
the anticipation of potential outcomes in relation to
goals contingent upon current situational demands
(Norman & Shallice, 1986). More speciﬁcally, planning
is required for successful behaviour in many situations
beyond everyday routine where known action sche-
mata are either not applicable or suitable (Ward &
Morris, 2005). In these instances, an appropriate and
purposive behavioural sequence must be identiﬁed
by mentally generating alternative sequences of inter-
dependent actions and by evaluating the consequences
of these anticipated actions in relation to goal attain-
ment (Goel, 2002; Ward & Morris, 2005). Planning cru-
cially depends on the integrity of the prefrontal cortex
(Unterrainer & Owen, 2006; Nitschke et al. 2017), parts
of which are known to be structurally and functionally
affected in schizophrenia (Minzenberg et al. 2009).
Although planning deﬁcits in schizophrenia patients
have been reported previously (see Greenwood et al.
2011), a brief overview of the extant literature provides
a highly inconsistent picture (see Sullivan et al. 2009):
evidence on severe impairments in planning perform-
ance (e.g. Morice & Delahunty, 1996; Marczewski
et al. 2001; Tyson et al. 2004) is in stark contrast to a
considerable amount of studies reporting either no
signiﬁcant deﬁcits (Krabbendam et al. 1999; Dichter
et al. 2006; Feldmann et al. 2006; Greenwood et al.
2011; Asevedo et al. 2013) or only small decreases in
planning performance of schizophrenia patients com-
pared with matched controls (Badcock et al. 2005;
Zhu et al. 2010). This heterogeneity is all the more sur-
prising given that all of these studies assessed planning
performance by using well-deﬁned tower tasks such as
the Tower of London (TOL), the Tower of Hanoi or one
of their variants (Berg & Byrd, 2002).
In the light of these inconsistent ﬁndings on the
extent of planning impairments in schizophrenia, the
objectives of the present study were twofold. First, by
conducting a comprehensive literature search and
meta-analysis, we addressed the general question as
to whether planning performance is indeed impaired
in schizophrenia. More than 80 studies have examined
planning in schizophrenia patients using tower tasks
(see below), but – to the best of our knowledge – no
quantitative evaluation of this literature in terms of a
meta-analysis exists so far (but see Sullivan et al. 2009
for a ﬁrst overview). Second, using moderator ana-
lyses, we aimed to investigate whether various task-
and subject-related variables may account for the
inconsistency of previous ﬁndings.
As planning tasks measure the ability to ﬂexibly and
consciously adapt behaviour to changing situational
demands in a complex world, assessments of planning
performance may potentially constitute a valuable sur-
rogate marker for a patient’s ability to live an inde-
pendent and autonomous life (see Holt et al. 2013).
Understanding possible causes for the inconsistencies
in the literature could thus be of utmost importance
for future improvements in neuropsychological assess-
ment in research and clinical contexts.
Method
Literature search
A comprehensive literature search using Medline,
PsycINFO and ISI Web of Knowledge provided the
basis of the present meta-analysis. Following the
PRISMA guidelines (‘Preferred Reporting Items for
Systematic Reviews and Meta-Analyses’; Moher et al.
2009), the search was guided by a pre-speciﬁed
review protocol stating the eligibility criteria. More
speciﬁcally, manuscripts on tower tasks were selected
using the search terms ‘Tower of London’, ‘Tower
of Hanoi’, ‘Tower of Toronto’, ‘CANTAB’ and
‘Stockings of Cambridge’. No speciﬁcations regarding
the start date of publication were made. Out of the
resulting 1224 references, 99 papers were identiﬁed
that were published in English until January 2014
and that included samples of schizophrenia patients.
After exclusion of reviews, case studies, unpublished
dissertations and conference abstracts, a total of 84
studies remained. These studies were screened accord-
ing to the following criteria: inclusion of independent
patient and healthy control sample(s) at adult age
and standardized application of a three-ball/disk
tower version (TOL, Stockings of Cambridge and
Tower of Hanoi) as a measure of planning
performance.
Planning accuracy is commonly measured by calcu-
lating the number of problems that were perfectly
solved in the minimum possible number of moves
(see Berg & Byrd, 2002). As this turned out to be the
most frequently reported outcome variable in the
remaining studies (31 out of 44), the number of perfect
solutions was used as the dependent variable in the
present meta-analysis. A detailed ﬂowchart of the
selection process is provided in Fig. 1.
Data extraction
From the selected studies, results and sample charac-
teristics were extracted and entered in an Excel spread-
sheet by F.K. and independently cross-checked by K.N.
In the case of missing information on means and stand-
ard deviations, reported t or F statistics were converted
to Hedges’ g where applicable (Hedges & Olkin, 1985).
In a few studies (Morris et al. 1995; Langdon et al. 2001;
Joyce et al. 2002), the means and standard deviations
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needed to compute the g values were extracted from
ﬁgures using graph digitizer software (DigitizeIT ver-
sion 2.1; http://www.digitizeit.de; independent cross-
check using WebPlotDigitizer version 3.9; Rohatgi,
2015). In 12 cases, the corresponding authors of the pri-
mary studies were contacted for further information.
Of these, ﬁve authors provided the requested details,
three provided additional data, and four did not
respond.
Statistical analyses
Following Hedges & Olkin (1985), reported means and
standard deviations from each dataset were used to
calculate standardized mean differences in terms of
Hedges’ g, thereby correcting for small-sample bias.
The standardized mean difference reﬂects the differ-
ence in planning performance (or size of effect)
between a given patient group and the respective
group of healthy controls. Positive values indicate
impaired planning performance in the patient group.
For several studies, multiple standardized mean dif-
ferences were extracted (e.g. for different patient
groups). The interdependency between these outcomes
(e.g. different patient groups compared with one con-
trol group) was accounted for in the analyses by com-
puting covariances between the dependent outcome
measures and incorporating this information in the
model (see online Supplementary material, section
S1). A multilevel meta-analytic model was used
including random effects at the study level and the
effect-size level (Konstantopoulos, 2011; see also online
Supplementary material, section S2, for more detailed
information).
To evaluate potential sources of inconsistency
between studies, the inﬂuence of potential moderator
variables on the size of the (average) standardized
mean difference was examined via meta-regression
models by adding these potential moderators as ﬁxed
effects to the multilevel model (van Houwelingen
et al. 2002). Based on available information, we hereby
examined the role of task difﬁculty, sociodemographic
variables [i.e. age, sex, intelligence quotient (IQ) and
education level] and clinical variables (i.e. age at dis-
ease onset, disease duration, symptom severity and
medication use; see Table 1).
For task difﬁculty, two analyses were conducted.
The ﬁrst analysis included all studies and outcomes,
using one estimate of difﬁculty per outcome (in
terms of the average minimum number of moves
across problem items) as the predictor. In the second
analysis, we restricted the model to data from studies
reporting varying task difﬁculties (i.e. performance
scores for different levels of minimum moves). The lat-
ter analysis thus focused on multiple estimates from
the same sample of subjects, which partly circumvents
the problem of comparing outcomes of different stud-
ies that varied in task difﬁculty.
The relevance of the demographic variables (i.e. age,
sex, IQ and education level) was examined in two dif-
ferent ways in the analyses. First, we examined the
impact of potential differences between patients and
controls in the demographic variables on effect sizes.
For this analysis, we used predictor variables that indi-
cated the difference between the patient and the con-
trol group within each study. In particular, the
standardized mean differences for age, IQ and educa-
tion level (i.e. years of education) were computed
Fig. 1. Overview on the selection process.
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Table 1. Overview on the included studies and datasets
Clinical variables
Demographic variables Disease PANSS
Study Subsample
Sample
size,
n (SZ/HC)
Female,
n (SZ/HC)
Age, years
(SZ/HC)
Pre-morbid
IQ (SZ/HC)
Level of
educationa
(SZ/HC)
Age at
onset,
years
Duration,
years Negative Positive General Medicationb
Andersen et al. (2013) 48/48 13/13 25.44/26.64 12.11/14.81 3.50 21.74 19.54 40.46 0.00
Asevedo et al. (2013)c 30/27 5/14 33.67/34.26 10.56/10.03 17.03 13.97 30.13
Ayesa-Arriola et al.
(2014)c
Male 86/97 0/0 29.03/28.40 36.69/40.78d 9.63/10.40 27.92 1.11 0.00
Female 75/62 75/62 35.97/30.00 38.96/39.76d 11.27/11.32 34.80 1.17 0.00
Badcock et al. (2005) 24/33 5/7 32.83/34.67 101.42/108.27 11.50/13.10
Braw et al. (2008)c First-episode SZ 44/44 10/17 24.01/25.55 11.93/13.78 22.00 2.02 21.97 13.64 44.04 244.76
Multi-episode SZ 38/44 15/17 25.82/25.55 12.26/13.78 20.19 5.34 23.06 15.27 44.18 281.90
Braw et al. (2012)c Symptomatic 39/37 10/14 27.33/28.60 11.97/12.69 21.49 25.85 17.26 49.67 330.03
Positive remission 27/37 6/14 29.82/28.60 12.44/12.69 21.93 21.96 10.96 37.56 308.58
Negative remission 15/37 5/14 26.80/28.60 12.07/12.69 21.67 16.40 17.87 42.20 254.02
Full remission 20/37 7/14 29.10/28.60 11.85/12.69 22.38 14.85 11.65 33.30 239.45
Bustini et al. (1999) 28/28 8/10 31.50/29.20 12.10/13.20 23.60 7.90 664.20
Dichter et al. (2006) 13/10 4/N.A. 28.20/29.70 13.00/15.30 21.70 5.90 14.40 12.00 27.00 462.00
Elliott et al. (1998) 12/12 1/1 43.40/40.00 110.40/111.40 20.00 870.00
Fagerlund et al. (2004) 25/25 19.45 20.00 30.00 0.00
Feldmann et al. (2006)c 22/20 7/11 34.90/31.00 106.60/116.70 14.00/16.60 24.80 10.40 524.80
Goldberg et al. (1990) 13/15 31.00/30.00 13.00/15.00 22.00 9.00
Greenwood et al. (2011) Psychomotor
poverty symptoms
27/28 N.A./3 35.20/33.10 97.30/110.00 12.80/14.50 7.83
Disorganized
symptoms
28/28 3.50/3 36.20/33.10 96.80/110.00 12.10/14.50 11.90
Hilti et al. (2010) 26/33 N.A./9 22.00/23.20 93.00/101.00 9.50/12.70 14.50 17.10 35.50 0.00
Huddy et al. (2007) 20/20 8/10 23.50/29.00 90.10/94.40
Joyce et al. (2002) 135/81 28.50/32 25.74/26.12 99.67/104.64
Kontis et al. (2013)c 77/55 27.50/25 42.26/43.69 11.01/13.46 26.17 16.55 20.26 19.36 36.39 928.72
Krabbendam et al. (1999) 24/17 4/2 30.70/30.60 3.90/4.20e 24.90 8.20
Langdon et al. (2001) 32/24 14/12 37.31/34.54 11.91/12.96 24.30 12.90
Langdon et al. (2002)c 25/20 23.20 9.60
Marczewski et al. (2001) 15/15 6/6 29.93/30.47 10.60/10.67 8.07 296.30
Morice & Delahunty
(1996)
17/17 7/12 32.41/34.00 107.80/112.70 23.10 9.40 294.00
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between each pair of patient and control group by sub-
tracting the value of the patient group from the value
of the control group. For sex, we computed the differ-
ence in the proportion of females between each pair.
Second, we examined the overall impact of demo-
graphic variables on effect sizes by including the
mean age, sex (proportion of females), IQ and educa-
tion level for each study (i.e. for patient and control
groups combined) as predictors.
We further examined potential moderator effects of
various clinical variables (i.e. age at disease onset, dis-
ease duration, symptom severity and medication use).
For symptom severity, only those studies were
included that reported negative, positive, general and
total symptom scores according to the Positive and
Negative Symptom Scale [i.e. Positive and Negative
Syndrome Scale (PANSS); Kay et al. 1989].
Funnel plot asymmetry as a possible indicator for
publication bias was examined visually (by plotting
the observed standardized mean differences against
their standard errors) and by adding the sampling var-
iances of the standardized mean differences as a pre-
dictor to the multilevel model (which essentially
models a quadratic relationship between the standar-
dized mean differences and the standard errors). The
intercept of this model was also used as an estimate
of the ‘genuine’ effect devoid of publication selection
bias [analogous to the ‘precision-effect estimate with
SE’ (PEESE) method; see Stanley & Doucouliagos,
2014].
All models were ﬁtted using restricted maximum
likelihood estimation (van Houwelingen et al. 2002).
Analyses were carried out in R (version 3.2.3; R Core
Team, 2015) using the metafor package (version 1.9.8;
Viechtbauer, 2010).
Results
Literature search and subsequent selection (Fig. 1)
resulted in 66 effect size estimates extracted from 31
studies. The majority of studies (i.e. 17) provided
only one estimate of the standardized mean difference,
whereas multiple estimates were extracted from 14
studies (online Supplementary material, section S1).
In sum, the included studies comprised the data of
1377 schizophrenia patients and 1477 healthy controls.
Diagnoses of schizophrenia were based on the
Diagnostic and Statistical Manual of Mental
Disorders, third edition (DSM-III), DSM-III, revised
(DSM-III-R), DSM, fourth edition (DSM-IV), DSM-IV,
text revision (DSM-IV-TR) or the International
Classiﬁcation of Diseases (ICD)-10 in all but one
study (Elliott et al. 1998). In 29 studies, planning per-
formance was assessed using variants of the TOL,
whereas variants of the Tower of Hanoi were appliedM
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in the remaining two studies. For more detailed infor-
mation, please refer to the overview on all included
studies and datasets provided in Table 1.
Average standardized mean difference in planning
performance
The observed standardized mean differences in plan-
ning performance ranged from −0.06 to 2.58 (see histo-
gram in Fig. 2a), with a mean difference of 0.71
(median, 0.64) (Fig. 3). The average standardized
mean difference as estimated in the multilevel model
was μˆ = 0.67 with the 95% conﬁdence interval (CI)
ranging from 0.56 to 0.78. The true effects appeared
to be heterogeneous (Q = 147.63, degrees of freedom =
65, p < 0.0001). The larger part of the heterogeneity in
the true effects was attributable to differences in the
true effects within studies (σˆ22 = 0.0509), but there
was also noteworthy between-study heterogeneity
(σˆ21 = 0.0137). Identiﬁability of the variance compo-
nents was ensured by inspection of corresponding
proﬁle likelihood plots (see online Supplementary
material, section S3).
The 95% CI of 0.56–0.78 denotes the interval within
which the average standardized mean diﬀerence can
be expected, but it does not indicate where the true
standardized mean diﬀerence in any particular study
would be expected to be. To estimate this true standar-
dized mean diﬀerence in a particular study, we thus
computed the 95% prediction interval, which was
found to range between 0.16 and 1.18. While the inter-
val encompasses eﬀects that could be considered to
range from very small to very large, it does not include
the value 0. This suggests that the group diﬀerence is
expected to be present in any particular single study
with high probability, albeit its exact magnitude
being uncertain.
Robustness of the results
An examination of the standardized residuals revealed
three reported effects with relatively large absolute
values of 5±2 (Morice & Delahunty, 1996; Langdon
et al. 2001; Marczewski et al. 2001). In fact, these studies
yielded the smallest/largest standardized mean differ-
ences in the dataset (i.e. −0.06, 1.89 and 2.64, respect-
ively). Removing these estimates led to a slight
decrease in the estimated average effect (μˆ = 0.64, 95%
CI 0.54–0.73), but not to a change in the conclusions.
Two studies (Goldberg et al. 1990; Bustini et al. 1999)
measured performance differences using the Tower of
Hanoi task, which is similar but not identical to the
TOL task†1 used in the remaining studies. After
removing these two studies, model estimation yielded
virtually identical results (μˆ = 0.66, 95% CI 0.56–0.77),
thus indicating that the results were not inﬂuenced by
the type of tower task used.
Publication bias
According to the funnel plot (Fig. 2b), some small stud-
ies with estimates close to zero are possibly missing.
As a formal test for funnel plot asymmetry, the sam-
pling variance of the standardized mean differences
was added as a predictor to the model, which yielded
evidence of a signiﬁcant relationship (p < 0.001) and
hence indicates possible publication bias. As discussed
by Stanley & Doucouliagos (2014), the intercept of this
model can be used to estimate the effect free of publi-
cation selection bias. As shown in Fig. 2b (solid line),
this yielded an estimate of 0.38 (95% CI 0.20–0.56),
which can be regarded as substantially lower than
the estimate of 0.67 obtained in the main analysis,
but still signiﬁcantly different from zero.
These ﬁndings appeared to be driven to a large
extent by the two largest positive estimates (i.e. 1.83
from Marczewski et al. 2001 and 2.58 from Morice &
Delahunty, 1996). Removing these two studies reduced
the relationship between the standardized mean differ-
ences and the sampling variances to just below signiﬁ-
cance (p = 0.06) and resulted in a higher intercept
estimate of 0.48 (95% CI 0.30–0.66; see Fig. 2b, dotted
line).
Moderator analyses
Effects of task difﬁculty
Information of task difﬁculty (in terms of the minimum
number of moves required for the optimal solution)
was available for 57 out of the 66 effect size estimates.
Meta-regression analysis yielded a signiﬁcant relation-
ship between overall task difﬁculty and the size of the
(average) effect (b = 0.124, S.E. = 0.038, p = 0.001; online
Supplementary material, Supplementary Table S4-1;
see also Fig. 2c), with effect sizes increasing with
higher task difﬁculty. That is, an increase in a problem
set’s difﬁculty of one minimum move ampliﬁed the
estimated effect size of planning differences between
groups of schizophrenia patients and healthy controls
by 0.12 units. The analysis showed that there was a
95% chance of the true standardized mean difference
in a particular study being larger than 0 if its task difﬁ-
culty was three moves or higher (Table 2). Moreover, a
medium effect size (i.e. a standardized mean difference
above 0.5) was reliably achieved if the task difﬁculty
comprised at least four minimum moves (μˆ = 0.68,
95% CI 0.54–0.82).† The notes appear after the main text.
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Fig. 2. (a) Histogram of the standardized mean differences across all included datasets. (b) (Funnel) plot of the standard
errors against the observed standardized mean diﬀerences. The regression line is based on the model including the sampling
variances as a predictor (as a formal test for funnel plot asymmetry). (c) Scatterplot of task diﬃculty against the eﬀect size
estimates (drawn inversely proportional to their standard errors). The grey shaded area corresponds to a 95% conﬁdence
interval band for the predicted eﬀect size as a function of task diﬃculty; the solid black line corresponds to the resulting
regression line. Multiple estimates extracted from the same study based on the same tower task but with diﬀerent diﬃculties
are connected by dotted lines.
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Fig. 3. Forest plot of the standardized mean difference (SMD) between schizophrenia patients and healthy controls across all
included datasets. Note that the 95% conﬁdence intervals (CIs) include the value of 0 in a substantial part of the datasets.
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Diﬀerences in task diﬃculty across studies (or any
other potential moderator) could be easily confounded
with unknown third variables, leading to spurious
relationships – a general and well-known problem
with meta-regression analyses (Thompson & Higgins,
2002). This problem can be diminished by analysing
studies that provide multiple estimates from the
same sample of subjects. We therefore repeated the
analysis including only those eight datasets reporting
performance differences at various levels of task difﬁ-
culty (i.e. the points in Fig. 2c connected by the dotted
lines; k = 34 effect size estimates). The relationship
between task difﬁculty and outcome was of compar-
able magnitude (b = 0.137, S.E. = 0.039) and remained
signiﬁcant (p < 0.001; online Supplementary material,
Supplementary Table S4-1), providing additional sup-
port for the hypothesis that the difference in planning
performance between groups of schizophrenia patients
and controls increased as studies/datasets applied
more difﬁcult problem items.
Effects of sociodemographic and clinical variables
Ideally, the groups being compared in the individual
studies should be as comparable as possible, except
for patient status. To examine the respective ﬁts, infor-
mation about the age, sex, IQ and level of education
was coded for each group where available. Based on
this information, the standardized mean diﬀerences
for age, IQ and education were computed for each
pair of groups being compared. For sex, we computed
the diﬀerence in the proportion of females within each
pair of groups. Summary statistics are provided in
online Supplementary material (Supplementary
Table S4-2). While on average groups did not differ
noticeably with respect to age and sex, the healthy
control groups had on average higher IQ scores and
a higher education level (by approximately half of a
standard deviation). However, when using the differ-
ence scores between patients and controls for age,
sex, IQ and education as predictors in additional
meta-regression analyses, none of these variables was
found to be signiﬁcantly related to the size of the
group difference in planning performance (all p5
0.31; online Supplementary material, Supplementary
Table S4-3).
Similarly, when using mean age, proportion of
females, mean IQ and mean educational level for
each patient and control group pair combined as
potential moderator variables, we did not ﬁnd any
signiﬁcant relationships (all p5 0.53; online
Supplementary material, Supplementary Table S4-4).
Finally, patient groups diﬀered with respect to vari-
ous clinical variables, including mean age at disease
onset, disease duration, symptom severity (PANSS
negative, positive, general and total symptom scores),
and medication use (measured in terms of the equiva-
lent mean daily doses of chlorpromazine per 100 mg).
In additional meta-regression models, we therefore
examined to what extent these variables were related
to the outcome. Again, none of these variables was
found to be related to the size of the performance
difference between groups (all p5 0.20; online
Supplementary material, Supplementary Table S4-5).
Discussion
In light of the hitherto heterogeneous ﬁndings from
individual studies (see the forest plot in Fig. 3), the pre-
sent meta-analysis resolves this inconsistency by dem-
onstrating that schizophrenia is indeed associated with
impaired planning performance. Assuming that plan-
ning performance is normally distributed within
patients and controls (see Kaller et al. 2016), the stan-
dardized mean diﬀerence between groups of 0.67
implies that a randomly chosen healthy control subject
would outperform a randomly chosen patient with
68.3% probability (95% CI 65.5–70.9%)2. The present
results further demonstrate that these impairments in
schizophrenia patients are ampliﬁed by increased
planning demands in terms of the minimum number
of moves to a solution, thus suggesting that the per-
formance deﬁcit of schizophrenia patients on tower
tasks is indeed reﬂecting a speciﬁc planning deﬁcit
rather than unspeciﬁc cognitive impairment.
Effects of sociodemographic and clinical variables
The present results point to an overall planning deﬁcit
in schizophrenia, but further reveal considerable het-
erogeneity (Figs 2a and 3) which has also been
Table 2. Effect of task difﬁculty on effect size
Difﬁcultya Pred S.E. ci.lb ci.ub pi.lb pi.up
2 0.43 0.10 0.23 0.63 −0.14 1.00
2.5 0.49 0.09 0.32 0.67 −0.07 1.05
3 0.56 0.08 0.40 0.71 0.00 1.11
3.5 0.62 0.07 0.48 0.76 0.07 1.17
4 0.68 0.07 0.54 0.82 0.13 1.23
4.5 0.74 0.07 0.60 0.88 0.19 1.29
5 0.80 0.08 0.65 0.96 0.25 1.36
5.5 0.87 0.09 0.69 1.05 0.30 1.43
pred, Predicted average standardized mean difference;
S.E., standard error; ci.lb, lower-bound conﬁdence interval;
ci.ub, upper-bound conﬁdence interval; pi.lb, lower-bound
prediction interval; pi.up, upper-bound prediction interval.
a Number of minimum moves for a perfect solution.
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observed in meta-analyses of impairments of schizo-
phrenia patients in other cognitive domains
(Fioravanti et al. 2005, 2012; Forbes et al. 2009;
Mesholam-Gately et al. 2009; Knowles et al. 2010).
Regarding planning performance, various authors
have attempted to explain this heterogeneity by linking
planning deﬁcits to speciﬁc clinical variables. For
instance, Greenwood et al. (2011) have suggested that
planning performance is speciﬁcally affected in
patients with (positive) disorganization symptoms
compared with patients with (negative) psychomotor
poverty symptoms. Morice & Delahunty (1996) also
found an association between TOL performance and
positive symptoms. In contrast, Braw et al. (2012)
showed that only patients in positive but not in nega-
tive symptomatic remission exhibited planning deﬁc-
its, underscoring the general role of (persisting)
negative symptoms for cognitive dysfunction
(Ventura et al. 2009). Thus, while speciﬁc patient char-
acteristics seem to exert a differential impact on plan-
ning performance, the pattern behind these partly
controversial ﬁndings is still not understood. In this
respect, meta-regression analysis would constitute a
powerful tool for unveiling moderating effects of clin-
ical and/or sociodemographic characteristics that
potentially drive these differences between studies
(see Forbes et al. 2009; Knowles et al. 2010; Fioravanti
et al. 2012).
However, the present attempt to elucidate the mod-
erating effect of sociodemographic and clinical vari-
ables on planning impairments was signiﬁcantly
hampered by the lack of necessary information and
the low consistency of which details were reported
across the studies. More speciﬁcally, from the initially
identiﬁed 99 studies, only 31 studies provided sufﬁ-
cient information for the meta-analysis. An even
smaller number of eight to 28 studies could be
included in the subsequent meta-regression analyses
of potential sociodemographic (i.e. age, sex, IQ and
education) and clinical moderator variables (i.e. age
at disease onset, disease duration, severity of positive
and negative symptoms, medication; see online
Supplementary material, section S4). This problem of
missing information clearly limits the generalizability
of the present results. In particular, it cannot be ruled
out that possible effects of sociodemographic and/or
clinical characteristics on the existence or severity of
planning deﬁcits have remained undetected due to
limited statistical power. Notably, the importance of
increasing the degree of overlapping information on
patient characteristics across studies has already been
pointed out in previous meta-analyses on cognitive
impairment in schizophrenia patients (Mesholam-
Gately et al. 2009; Fioravanti et al. 2012).
Effects of task difﬁculty
As a second key ﬁnding, the present meta-regression
analyses revealed that planning deﬁcits of schizophre-
nia patients were exacerbated by increasing task
demands (see Morice & Delahunty, 1996). Notably,
two-move TOL problems do not require planning
ahead at all but can be solved by simple perceptual
matching strategies (Owen, 2005), whereas three-move
TOL problems require to plan ahead only one move at
maximum. This skill is reliably mastered, for instance,
by neurotypical children at the age of 6 years (Kaller
et al. 2008; McCormack & Atance, 2011; Unterrainer
et al. 2013). Deﬁcits in these very easy types of pro-
blems may hence be indicative of more general impair-
ments in lower-order cognitive processes such as
selective attention, working memory or inhibition
rather than of speciﬁc planning impairments.
Planning impairments in more difﬁcult problems
may also be partly driven by increasing task demands
on lower-order cognitive processes. However, the
ﬁnding that differences between schizophrenia
patients and healthy controls were larger for problems
with higher planning demands (i.e. with four min-
imum moves and more) than for the easy two- and
three-move problems attests to a genuine planning
deﬁcit in schizophrenia.
The present moderator analyses imply that planning
demands of TOL problems are mainly determined by
the minimum number of moves. However, recent
research has highlighted the impact of additional struc-
tural problem parameters such as search depth and
goal hierarchy on planning performance (e.g. Ward
& Allport, 1997; Carder et al. 2004; Kaller et al. 2004;
Unterrainer et al. 2005; Newman & Pittman, 2007;
Berg et al. 2010; Nitschke et al. 2012; see Kaller et al.
2011a, for an overview). These additional determinants
of planning difﬁculty differentially affect planning per-
formance in childhood and older age (Kaller et al. 2008;
Unterrainer et al. 2013, 2015a; Köstering et al. 2014), in
patients with various neurodevelopmental or neuro-
logical pathologies (McKinlay et al. 2008; Köstering
et al. 2012; Rainville et al. 2012; Unterrainer et al.
2015b) and further elicit differential patterns of brain
activation (Newman et al. 2009; Kaller et al. 2011b;
Ruh et al. 2012). Instead of a global deﬁcit, planning
impairments in schizophrenia might hence be differen-
tially associated with speciﬁc planning demands, for
instance, on the depth and/or breadth of searching
ahead. As these additional structural problem para-
meters are seldom systematically accounted for in
existing TOL versions, the extant heterogeneity of
ﬁndings on planning impairments in schizophrenia
across studies (Figs 2a and 3) may at least to some
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extent be attributable to possible differences in the
structural properties of the problem sets applied,
thus taxing different speciﬁc planning demands across
studies.
Not only the insufﬁcient standardization of the TOL
as a measurement instrument has been criticized
(Kaller et al. 2011a), but also the reliability (Humes
et al. 1997; Lowe & Rabbitt, 1998; Syväoja et al. 2015)
and validity (Kafer & Hunter, 1997) of some TOL
versions has been questioned, which may have like-
wise contributed to the heterogeneous ﬁndings (but
see Culbertson & Zillmer, 1998a, b; Schnirman et al.
1998; Kaller et al. 2012, 2016; Köstering et al. 2015a, b;
Debelak et al. 2016; Tunstall et al. 2016 for suggestions
of TOL versions with adequate psychometric
properties).
Limitations
Several limitations need to be taken into account. The
results indicate possible publication bias, with small
studies yielding estimates close to zero possibly miss-
ing. While the estimated standardized mean difference
of 0.67 may be an overestimation, the most conserva-
tive estimate of 0.38 still indicates a small to medium
effect size.
As stated earlier, the lack of overlap in reported sam-
ple characteristics between studies severely con-
strained the options for further analyses and the
potential for identifying variables driving the observed
heterogeneity of effect sizes. Limited statistical power
constitutes one issue, but meta-regression analysis in
the presence of heterogeneity and a low number of
observations may also result in inﬂated rates of false-
positive ﬁndings (Higgins & Thompson, 2004).
Furthermore, potential interdependencies of moderat-
ing effects in terms of higher-order interactions (e.g.
minimum moves by symptom severity) could not be
tested due to the small numbers of reports providing
sufﬁcient information. Finally, the present results are
focused on accuracy scores and the number of pro-
blems optimally solved in the minimum number of
moves as the most frequently reported outcome (Berg
& Byrd, 2002; Sullivan et al. 2009) but cannot be extra-
polated to other outcome variables (e.g. pre-planning
and execution times).
Conclusions
Taken together, the present results advocate using psy-
chometrically sound TOL versions with a graded difﬁ-
culty of at least four minimum moves for reliably
identifying planning impairments in schizophrenia
patients. Future meta-regression analyses, particularly
on the impact of task-speciﬁc as well as clinical and
sociodemographic variables on planning impairments
in schizophrenia, are needed to further investigate
the heterogeneity of effects. Such analyses, however,
require more comprehensive reports of sample and
task characteristics than is currently provided by
studies on planning performance in schizophrenia.
Notwithstanding this heterogeneity in the extent of
effects, it can be concluded that schizophrenia indeed
incurs a signiﬁcant and genuine deﬁcit in the ability
to plan ahead one’s own actions.
Notes
1 Note that the Stockings of Cambridge constitute a variant
of the TOL that uses the same rules and the same problem
space, but has a different physical appearance (balls are
placed in sockets instead of on rods).
2 Uncertainty about this value is larger for a given particular
study, as reﬂected by the 95% prediction interval (54.6–
79.8%).
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